Steady-state visual evoked potentials (SSVEPs) were recorded from action videogame players (VGPs) and from non-videogame players (NVGPs) during an attention-demanding task. Participants were presented with a multi-stimulus display consisting of rapid sequences of alphanumeric stimuli presented at rates of 8.6/12 Hz in the left/right peripheral visual fields, along with a central square at fixation flashing at 5.5 Hz and a letter sequence flashing at 15 Hz at an upper central location. Subjects were cued to attend to one of the peripheral or central stimulus sequences and detect occasional targets. Consistent with previous behavioral studies, VGPs detected targets with greater speed and accuracy than NVGPs. This behavioral advantage was associated with an increased suppression of SSVEP amplitudes to unattended peripheral sequences in VGPs relative to NVGPs, whereas the magnitude of the attended SSVEPs was equivalent in the two groups. Group differences were also observed in the event-related potentials to targets in the alphanumeric sequences, with the targetelicited P300 component being of larger amplitude in VGPS than NVGPs. These electrophysiological findings suggest that the superior target detection capabilities of the VGPs are attributable, at least in part, to enhanced suppression of distracting irrelevant information and more effective perceptual decision processes.
Introduction
Videogame players (VGPs) have been found to exhibit superior visual performance on a variety of attention-demanding tasks, including spatial target localization, rapid target identification, and multi-object tracking (Green and Bavelier, 2003 , 2006a ,b, 2007 . VGPs generally perform better than non-videogame player (NVGP) controls in tasks that require attention to visual displays that present high loads of information (Green and Bavelier, 2003) or dividing attention between multiple sources (Green and Bavelier, 2006b ). More recently, it was shown that VGPs are also more resistant to attentional capture than NVGPs (Chisholm et al., 2010) . Not all aspects of attention may be equally altered by videogame play, however. In particular, little or no gaming effect has been noted in attentional cueing (Castel et al., 2005; Dye et al., 2009) , which suggests greater trainability of endogenous than exogenous forms of attention (for review, see Hubert-Wallander et al., 2010 ) (for another viewpoint, see West et al., 2008) .
Both spatial and temporal aspects of top-down endogenous attentional selection have been demonstrated to improve as a result of action game play. Subjects trained on action videogames outperformed subjects trained on control games in tasks that engaged spatially selective attention (Green and Bavelier, 2003 , 2006b , 2007 Feng et al., 2007; Spence et al., 2009 ) (for an exception, see Boot et al., 2008) and in tasks that involved the temporal focusing of attention such as the attentional blink (Green and Bavelier, 2003; Cohen et al., 2007) (for an exception, see Boot et al., 2008) and backward masking (Li et al., 2010) paradigms. However, at present, little is known about the brain mechanisms that underlie these enhanced attentional capabilities of action game trainees.
The present study builds on these previous behavioral studies and introduces a paradigm that requires both spatial and temporal selection to investigate the neural bases of attentional superiority in VGPs. Participants were cued to attend to one of three rapid serial visual presentation (RSVP) sequences in the left (LVF), right (RVF), or central visual fields, each flashing at a different rate, with the task of detecting occasional targets in the attended sequence. Cortical processing of each flashing sequence was analyzed by recording its steady-state visual evoked potential (SSVEP), which is the frequency-tagged neural response of the visual cortex evoked by a periodic stimulus that can be recorded non-invasively from the scalp (Vialatte et al., 2010) . Previous studies have demonstrated that the amplitude of the SSVEP is enhanced when attention is directed toward the driving stimulus (for review, see Di Russo et al., 2002; Toffanin et al., 2009) . In a multistimulus display such as that used in the current experiment, the amplitude of the SSVEP to each concurrently flashing stimulus sequence provides a measure of the attentional resources being allocated to that stimulus (Müller et al., 2003; Toffanin et al., 2009 ). By recording attention-related modulations of SSVEPs and event-related potentials (ERPs) to target stimuli, we investigated how group differences in target detection per-formance between VGPs and NVGPs were related to cortical mechanisms of attention.
Materials and Methods
Subjects. Forty-one right-handed healthy adults, with normal or correctedto-normal vision, participated in the study after giving written informed consent as approved by the University of California, San Diego Human Research Protections Program. Participants were classified as belonging to one of two groups, VGPs and NVGPs, on the basis of a questionnaire about their videogame playing habits . All participants in both groups were males because of the relative scarcity of female VGPs. To be considered a VGP, a subject needed to report a minimum of 5 h/week of action game play for the previous year (n ϭ 21; mean age, 21 years; mean action game play, 9.0 Ϯ 2.7 h/week; range, 5-12.5 h of game play uniformly distributed over the week). The criterion for inclusion in the NVGP group was a report of 0 h/week of action game play over the past year and little or no action gaming experience before that (n ϭ 20; mean age, 24 years). These gaming criteria were identical to those used in previous behavioral studies conducted on action videogame players in the Bavelier laboratory (Green and Bavelier, 2003 , 2006a ,b, 2007 .
Stimuli and task. During testing, subjects sat 70 cm from a video monitor and were instructed to maintain visual fixation on a black cross that was centered inside a solid 0.8°white square that flickered at a rate of 5.5 Hz (100 ms on, 83.3 ms off). Concurrent with this flashing central square, three letter sequences were delivered in RSVP to the LVF, RVF, and above fixation, respectively. The LVF and RVF sequences were presented at 8.6 Hz (50 ms on, 66.7 ms off) in one field and at 12 Hz (50 ms on, 33.3 ms off) in the other. These letter sequences in the LVF and RVF consisted of randomized presentations of 12 letters of the alphabet (A, D, E, G, J, K, M, N, P, R, W, Y) that were presented in black Arial font on a white square of 4°size and 8°eccentricity. The RSVP sequence above fixation was located at 7°elevation, presented letters at 15 Hz (50 ms on, 16.7 ms off), and otherwise had the same parameters as the lateral letter stimuli. Infrequent numbers (2, 3, and 5) were interspersed at random in the lateral letter sequences and served as targets. Target probabilities were 0.031 and 0.022 per character for the 8.6 and 12 Hz, sequences, respectively, so that a unique target (2, 3, or 5) occurred in each stimulus stream on average every 3.75 s. Target randomization was constrained such that no two consecutive targets appeared Ͻ2 s apart, thereby ensuring that successive targets did not occur within an attentional blink interval. The 15 Hz letter sequence above fixation had no interspersed number targets and served to increase the information load of the display. Targets at fixation were designated as infrequent disappearances of the lower arm of the fixation cross (occurring once every 5.7 Ϯ 1.7 s). The experimental design is shown schematically in Figure 1 .
The experiment consisted of eight blocks of 4.6 min each, with left/right placement of 8.6/12 Hz stimuli alternating in successive blocks and starting block order counterbalanced across subjects. Each block consisted of 24 trials of 8 s each, preceded by a 3.5 s cue. The centrally presented cue (Ͻ, Ͼ, or ϩ) directed subjects to attend to the peripheral alphanumeric sequence on either the left or right, or to attend to the central fixation cross targets, respectively, but ignore the other concurrent sequences. Each block contained eight trials per cue direction, presented in random order. Subjects responded to targets in the attended sequence by pressing a button on a response pad held in their lap and ignored targets in the unattended sequences. The 15 Hz letter stream in the upper field lacked targets and was never cued. Also, no central fixation targets were presented during trials when the peripheral sequences were attended; the left and right peripheral targets were always presented, however, even during trials when attention was directed to central fixation targets. Speed and accuracy were both emphasized in the behavioral task, and correct responses (hits) were scored within a 200 -1000 ms period after target onset. Responses made outside of this target window were classified as "false alarms." The hit and false alarm rates were used to derive the sensitivity estimate dЈ (Macmillan and Creelman, 1991) .
Electrophysiological recordings. The EEG was recorded from 62 electrode sites using a modified 10 -10 system montage (Teder-Sälejärvi et al., 2005) . Horizontal and vertical electro-oculograms (EOGs) were recorded by means of electrodes at the left and right external canthi and an electrode below the left eye, respectively. The importance of maintaining fixation was emphasized to participants, and the experimenter continually monitored the EOG and verified fixation in all blocks. All electrodes were referenced to the right mastoid electrode. Electrode impedances were kept below 5 k⍀.
EEG and EOG signals were amplified with a gain of 10,000 and a bandpass of 0.1-80 Hz (Ϫ12 dB/octave; 3 dB attenuation) and were digitized at 250 Hz. Automated artifact rejection was performed before averaging to discard trials with eye movements, blinks, or amplifier blocking. Trials were rejected for eye movements or blinks when EOG deflections exceeded ϳ50 -75 V. On average, 4% of trials were rejected over all subjects, with no significant difference in rejection rate between VGPs and NVGPs. Time-domain averages of the SSVEPs at each flicker frequency, as well as ERPs to targets were calculated offline. SSVEPs were averaged over successive 500 ms epochs that were centered at the onset of each stimulus in the sequence. These "moving window" averages were initiated 250 ms after the onset of each 8 s trial sequence and terminated 250 ms before the end of the sequence. Averages were digitally low-pass On two-thirds of the trials subjects were cued to attend to the letter sequences in either the left or right visual field (flashing at 8.6 or 12 letters/s), with the task of detecting occasional numbers (targets) in the sequence. On the other one-third of the trials, subjects detected targets at fixation (disappearances of the lower arm of the cross). The 15 Hz letter sequence above fixation was always irrelevant and served to increase the information load in the display. B, Time domain averages of SSVEPs to concurrent flashing letter sequences in the right (12 Hz) and left (8.6 Hz) visual fields recorded from occipital electrode sites POz and PO8, respectively, in a typical participant. Because the SSVEP has the same fundamental frequency as the driving stimulus, it can be recorded separately to each of the concurrent stimulus sequences that are flashing at different rates. Solid waveforms correspond to attended trials and dashed waveforms to unattended trials, wherein attention was cued to the letter sequence in the opposite field.
filtered with a Gaussian finite impulse function (3 dB attenuation at 46 Hz) to remove high-frequency noise produced by muscle activity and external electrical sources. The filtered averages were digitally rereferenced to the average of the left and right mastoids. The magnitude of SSVEP activity at each stimulation frequency under each attention condition was quantified as the root mean square (rms) amplitude of the time-domain average.
The three-dimensional coordinates of each electrode and of three fiducial landmarks (the left and right pre-auricular points and the nasion) were determined by means of a Polhemus spatial digitizer. The mean Cartesian coordinates for each site were averaged across all participants and used for topographic mapping.
Data analysis. SSVEP amplitudes at each of the four stimulation frequencies were measured as the mean rms voltage over a specific cluster of electrodes at which the amplitudes at that frequency were maximal. The SSVEPs to the peripheral 8.6 and 12 Hz sequences were measured over 18 occipital electrode sites (nine in each hemisphere: P7/8, P5/6, P3/4, P1/2, PO7/8, PO3/4, O1/2, I3/4, I5/6), whereas the SSVEPs to the central 5.5 and 15 Hz sequences were measured over nine occipital sites around the midline (PO3/4, O1/2, I3/4, POz, Oz, Iz). These SSVEP amplitude measures were subjected to between-group (VGPs vs NVGPs) repeatedmeasures ANOVAs that included factors of condition (attended vs unattended), location of stimulus presentation (left vs right) when applicable, and hemisphere of recording (left vs right).
For each participant, attended and unattended SSVEP amplitude measures were used to calculate an attentional modulation index (AMI) ϭ (attended Ϫ unattended)/(attended ϩ unattended). Correlations of AMI with behavioral measures of target detection accuracy (dЈ) and reaction time were calculated using the Pearson's correlation statistic.
The P300 component in the ERPs to targets was quantified over six parietal-occipital electrode sites (P1/P2, PO3/4, Pz, POz). The P300 amplitude was measured as the mean voltage over a 450 -470 ms interval, which encompassed the peak in the grand-averaged waveforms, with respect to a 100 ms prestimulus baseline. Target ERPs were also averaged time-locked to the subjects' button-press responses, and P300 amplitudes were quantified in the 20 ms interval surrounding the peak in the response-locked grand-averaged waveforms. P300 amplitudes were compared between VGPs and NVGPs using one-tailed t tests under the a priori hypothesis that VGPs would have larger amplitudes than NVGPs because of their superior performance.
Modeling of ERP sources. Inverse source modeling was performed to estimate the intracranial generators of the grand-averaged SSVEPs to the attended 8.6 and 12 Hz lateral stimuli in VGPs and NVGPs. Source locations were estimated by distributed linear inverse solutions based on a local autoregressive average (LAURA) (Grave de Peralta Menendez et al., 2001) . LAURA estimates three-dimensional current density distributions using a realistic head model with a solution space of 4024 nodes equally distributed within the gray matter of the average template brain of the Montreal Neurological Institute (MNI). It makes no a priori assumptions regarding the number of sources or their locations and can deal with multiple simultaneously active sources . LAURA analyses were implemented using CARTOOL software by Denis Brunet. To ascertain the anatomical brain regions giving rise to the SSVEPs, the current source distributions estimated by LAURA were transformed into the standardized MNI coordinate system using SPM5 software (Wellcome Department of Imaging Neuroscience, London, UK).
Results

Behavioral measures
VGPs performed better than NVGPs in both speed and accuracy of target detections (Fig. 2) (supplemental Table 1 , available at www.jneurosci.org as supplemental material). Detection accuracy (dЈ) was significantly higher in VGPs than in NVGPs over all three target types (number targets within the left and right letter sequences and "missing arm" targets at fixation) (F (1,39) ϭ 4.44, p Ͻ 0.05). There were no significant group ϫ target type interactions, and no significant differences in performance were found between the left and right sequences at either the 8.6 or 12 Hz stimulus rate. Detection accuracy for number targets appearing within the 12 Hz letter sequence was significantly lower than for targets in the 8.6 Hz sequence in both groups (F (1,39) ϭ 17.16, p Ͻ 0.0002). False alarm rates for the letter sequences (responses made outside the 200 -1000 ms window after the attended targets) were low overall and somewhat higher in the NVGPs (4.4%) than the VGPs (1.9%) (t (39) ϭ 2.11, p Ͻ 0.05); additional analysis showed that false alarms were no more likely to occur after targets than after nontargets in the concurrent unattended letter sequence (t (40) ϭ 1.41, p Ͼ 0.16), thereby indicating that the false alarms were not provoked by detections of targets in the unattended sequence.
Greater accuracy for target detection was accompanied by faster reaction times in VGPs versus NVGPs over all three target types (F (1,39) ϭ 4.66, p Ͻ 0.04) (Fig. 2 B) , with no group ϫ target type interactions. Paralleling the drop in detection accuracy for 12 versus 8.6 Hz peripheral targets, reaction times were also slower to the 12 Hz targets in both groups (F (1,39) ϭ 46.64, p Ͻ 0.0001).
SSVEP amplitudes
The scalp topographies of the SSVEP amplitudes elicited by peripheral letter stimuli are shown in Figure 3 . Because the asymmetry between contralateral and ipsilateral amplitudes did not differ between the left and right field stimulus sequences (F (1,39) ϭ 0.86, p Ͼ 0.3), the topographies for the left and right field stimuli were averaged together in Figure 3 , with the convention that contralateral sites are depicted on the right side of each scalp map and ipsilateral sites on the left. As seen in these scalp maps (Fig.  3 A, B) and in the bar graphs of averaged SSVEP amplitudes to the 8.6 and 12 Hz sequences (Fig. 4 A) (supplemental Table 1 , available at www.jneurosci.org as supplemental material), the attended letter sequences elicited SSVEPs of approximately the same amplitude in the two groups. The topographical distributions of the SSVEPs over the posterior scalp were also highly similar in the two groups, with strongly contralateral distributions at 8.6 Hz and more bilateral distributions at 12 Hz.
The neural generators of the grand-averaged attended SSVEPs elicited in VGPs and NVGPs were modeled using a distributed minimum-norm linear inverse solution approach (LAURA). This analysis showed that the SSVEPs at both stimulation frequencies (8.6 and 12 Hz) could be accounted for by bilateral current sources in extrastriate visual cortex, with more of a contralateral dominance at 8.6 Hz (Fig.  3C ). These estimated source locations in ventrolateral occipital cortex (BA 19) were similar in the two groups. For the 8.6 Hz stimuli, the MNI coordinates of the peak of the source cluster were Ϯ30, Ϫ80, Ϫ7 for VGPs and Ϯ36, Ϫ67, Ϫ5 for NVGPs; for the 12 Hz stimuli, the coordinates were Ϯ33, Ϫ76, Ϫ8 for VGPs and Ϯ36, Ϫ69, Ϫ7 for NVGPs.
The effect of attention on SSVEP amplitudes was highly significant across both groups for the comparison of attended versus unattended peripheral letter sequences (Fig. 3 A, B , top vs middle row) (F (1,39) ϭ 71.64, p Ͻ 0.0001). The attention effect across both groups was also highly significant when comparing the SSVEPs with the attended versus unattended peripheral letter sequences when attention was directed to the central fixation stimuli (Fig. 3 A, B , top vs bottom row) (F (1,39) ϭ 20.80, p Ͻ 0.0001).
The major difference between VGPs and NVGPs was evident in their SSVEP amplitudes to the unattended peripheral letter sequences, which were suppressed to a greater extent (relative to attended amplitudes) in the VGPs than in NVGPs. This suppression of the SSVEP to unattended (relative to attended) peripheral stimuli amounted to 32% in the VGPs and 15% in the NVGPs (attention ϫ group interaction, F (1,39) ϭ 4.36, p Ͻ 0.05) (Fig. 4A ). This group difference in suppression of the unattended SS-VEP was observed consistently both under conditions when the letter sequence in the opposite visual field was attended (VGPs, 32% and NVGPs, 17%) and when attention was directed to central fixation (VGPs, 32% and NVGPs, 13%) [direction of attention (central/peripheral) ϫ group interaction,
The effect of attention on the SSVEP amplitudes to the peripheral letter sequences was also quantified in each participant as an attentional modulation index: AMI ϭ (attended Ϫ unattended)/(attended ϩ unattended). Because unattended amplitudes did not differ when attention was directed to opposite-field stimuli versus central fixation stimuli, these amplitudes were averaged together in the AMI calculation. The AMI of the SSVEP, calculated for 8.6 and 12 Hz stimuli combined, was larger for the VGPs (0.17) than for the NVGPs (0.09) (t (39) ϭ 1.86, p Ͻ 0.04). These AMI values were also found to correlate significantly across subjects with speed of reaction time to peripheral targets (r (39) ϭ Ϫ0.42, p Ͻ 0.007), indicating faster reaction times in those subjects with the greatest suppression. The AMI-reaction time correlations were also significant for the 8.6 and 12 Hz sequences calculated separately (8.6 Hz, r (39) ϭ Ϫ0.31, p Ͻ 0.05; 12 Hz, r (39) ϭ Figure 3 . Topographical maps of SSVEP amplitudes elicited by peripheral letter sequences in VGPs and NVGPs. A, Grand-averaged maps of SSVEP amplitudes (rms) to 8.6 Hz stimuli in VGPs (n ϭ 21; left column) and NVGPs (n ϭ 20; right column). Maps are shown for the attended condition (Att) (top row), unattended condition (unAtt) when attention was directed to the 12 Hz letter sequence in the opposite visual field (middle row), and unattended condition when attention was directed to the central 5.5 Hz stimuli (bottom row). Scalp topographies are averaged over left and right field stimulus sequences with the convention that contralateral (Contra) amplitudes are shown on the right of each head map and ipsilateral (Ipsi) amplitudes on the left. B, Same as A for SSVEPs elicited by the peripheral 12 Hz stimuli. C, Estimated current sources for the grand-averaged attended SSVEPs corresponding to the scalp topographies shown in the top row. These inverse solutions were calculated using the LAURA algorithm and are given in units of current source density (nanoamperes per cubic millimeter).
Ϫ0.38, p Ͻ 0.02). AMI correlations with detection accuracy (dЈ), however, were not significant.
The mean SSVEP amplitude to the central fixation square flashing at 5.5 Hz was larger than the mean amplitude to the peripheral alphanumeric sequences (F (1,39) ϭ 43.08, p Ͻ 0.0001) (supplemental Table 1 , available at www.jneurosci.org as supplemental material). The main effect of attention on the SSVEP amplitude to the central stimulus was significant across all subjects, with attended amplitudes being larger (attend-central vs attend-peripheral, F (1,39) ϭ 10.44, p Ͻ 0.003). The VGP and NVGP groups did not differ, however, in this attentional modulation of the SSVEP to the central stimulus (both the attention ϫ group interaction and AMI comparison between groups were not significant) (Fig. 4 B) , nor were there any significant correlations between the AMI of the SSVEP to the central stimulus and detection accuracy or reaction times to central targets.
SSVEP amplitudes to the irrelevant 15 Hz letter sequence above fixation were also quantified. The 15 Hz SSVEP amplitudes did not differ between the attend-central versus attend-peripheral conditions, and no amplitude differences were found between the VGP and NVGP groups (F (1,39) ϭ 0.04, p Ͼ 0.8) (Fig. 4C ) (supplemental Table 1 , available at www. jneurosci.org as supplemental material).
ERPs to targets
The ERPs elicited by the numerical targets in the attended peripheral letter sequences and the missing arm targets in the central 5.5 Hz stream had prominent P300 components peaking within the 450 -470 ms interval (Fig. 5) (supplemental Table 1 , available at www. jneurosci.org as supplemental material). The P300 amplitude (mean over 450 -470 ms) was considerably smaller to targets in the peripheral 12 versus 8.6 Hz sequence (F (1,39) ϭ 61.46, p Ͻ 0.0001), paralleling the reduced target detection accuracy at 12 Hz in both groups. P300 amplitudes were consistently reduced in NVGPs relative to VGPs: this group difference in P300 was significant in both the ERPs time-locked to the target stimuli (peripheral targets, t (39) ϭ 1.85, p Ͻ 0.04; central targets, t (39) ϭ 1.70, p Ͻ 0.05) and the ERPs time-locked to the button press signifying target detection (peripheral targets, t (39) ϭ 2.00, p Ͻ 0.03; central targets, t (39) ϭ 2.62, p Ͻ .007). This finding of reduced P300 amplitudes in NVGPs in both stimulus-locked and responselocked averages indicates that the group difference was not a simple consequence of temporal dispersion of the waveform because of greater reaction time variability in the NVGPs.
There were no significant differences in P300 latency between the VGPs versus NVGPs for either the peripheral targets (458 vs 464 ms) or the central targets (456 vs 453 ms) . Finally, P300s were absent or greatly reduced in the ERPs to unattended peripheral targets in both VGPs and NVGPs (Fig. 5B ) (attention effect on P300 amplitude, F (1,39) ϭ 215.06, p Ͻ 0.0001). No unattended targets were presented at central fixation.
Discussion
The present study reinforces previous behavioral findings that have demonstrated superior performance capabilities of VGPs versus NVGPs in a variety of attention-demanding tasks (Greenfield et al., 1994; Bavelier, 2003, 2006b; Cohen et al., 2007; Feng et al., 2007; Spence et al., 2009; Hubert-Wallander et al., 2010) . These previous studies established a strong link between action game play and enhanced spatial and temporal visual selective attention. The current task of detecting targets in RSVP sequences was designed to manipulate both spatial and temporal aspects of selective visual attention and to probe the neural bases of the enhanced capabilities of VGPs. Behaviorally, we found that VGPs detected targets in rapidly flashing sequences in both the central and peripheral visual fields with greater speed and accuracy than NVGPs. Electrophysiological recordings of SSVEPs to the flashing stimuli provided insight into whether this attentional superiority of the VGPs was based on a mechanism of signal enhancement or distractor suppression. Whereas the SSVEPs elicited in the visual cortex by attended alphanumeric sequences were of similar amplitude in the two groups, the VGPs showed a greater suppression of SSVEPs to these rapidly flashed sequences when attention was directed elsewhere. Thus, an enhanced ability to suppress the cortical processing of irrelevant, distracting visual information may facilitate target detection performance in the VGPs. Differences were also observed between VGPs and NVGPs in their ERPs to target stimuli in the rapidly flashing sequences. The P300 component was larger in amplitude to attended targets in the VGPs than NVGPs, which is consistent with action VGP superiority in perceptual discrimination and decision processes (Hillyard and Picton 1987; Polich, 2007) .
Previous studies have demonstrated that the frequencytagged SSVEP is a sensitive index of the allocation of visual attention to repetitive visual stimuli over a wide range of stimulation rates and task conditions (Müller et al., 1998a (Müller et al., ,b, 2003 (Müller et al., , 2006 Di Russo and Spinelli, 1999; Müller and Hillyard, 2000; Di Russo et al., 2001 Müller and Hubner, 2002; Chen et al., 2003; Kelly et al., 2005; Ding et al., 2006; Talsma et al., 2006; Kim et al., 2007; Andersen et al., 2008 Andersen et al., , 2009 Toffanin et al., 2009 ). These studies have generally found that an attended flickering stimulus elicits a larger SSVEP than the same stimulus when unattended, thus providing evidence that attention modulates the sensory gain of visual inputs at the level of the visual cortex. In the current study, VGPs differed from NVGPs in their ability to suppress the SSVEP to unattended peripheral stimulus sequences. The neural generators of the attention-related SSVEPs were estimated to lie in ventral lateral extrastriate visual cortex, and the modulations of SSVEP amplitude with attention were found to be strongly correlated across subjects with the reaction times to targets. These findings suggest that the behavioral advantage of the VGPs in detecting targets under high load conditions was, at least in part, attributable to their ability to suppress the irrelevant streams of sensory input at the level of extrastriate visual cortex.
The enhanced suppression of irrelevant sensory input in VGPs, however, was only observed for the peripheral alphanumeric sequences. Attentional modulation of the SSVEP to the flashing central stimuli was equivalent in the two groups. This may reflect a difference in the degree to which central and peripheral inputs can be modulated by attention (Beck and Lavie, 2005; Handy and Khoe, 2005; Ruff et al., 2006) (but see Frey et al., 2010) . The central-peripheral difference in SSVEP modulation observed here is difficult to interpret, however, because the central and peripheral sequences differed in several respects, including flicker rate (8.6/12 vs 5.5 Hz), stimulus type (fixation cross and square vs alphanumeric sequence), and target frequency of occurrence (every 5.7 vs 3.75 s). Because of these substantial differences between the central and peripheral sequences, we cannot reach a conclusion as to whether VGPs are generally more adept than NVGPs at suppressing irrelevant peripheral as opposed to central inputs.
Although the present study did not have a training manipulation that compared pretraining and posttraining behavioral and neural measures in non-game-playing controls, the results obtained here should be interpreted in the context of several previous investigations that did demonstrate a causal link between action videogame playing and enhanced selective attention capabilities. In particular, more than half a dozen training studies document the causal role of action game play in improved attentional selection in both space and time (spatial selection: Green and Bavelier, 2003 , 2006a , 2007 Feng et al., 2007; Spence et al., 2009; temporal selection: Green and Bavelier, 2003; Cohen et al., 2007; Li et al., 2010) . In the context of this expanding evidence in the literature, it seems most likely that the group differences noted in the present study are not simply a consequence of selfselection sampling bias but represent attentional skills that are trainable by action game play. The SSVEP evidence presented here advances our understanding by showing that the behavioral superiority of VGPs was associated with greater distractor suppression in the visual periphery. This enhanced ability to suppress distracting input in action game players provides a striking contrast to recent studies suggesting that heavy users of media technologies may suffer, on the contrary, from greater distractibility and from problems in focusing attention (Ophir et al., 2009; Swing et al., 2010) .
Under the present high load conditions, the P300 component of the ERPs to the number targets in the rapidly flashing alphanumeric sequences was found to be larger in the VGPs than in the NVGPs. Several decades of research on the P300 have shown that this component is specifically elicited by the delivery of taskrelevant information that occurs unpredictably (for review, see Kutas et al., 1977; Hillyard and Picton, 1987; Picton, 1992; Polich, 1998 Polich, , 2007 . These studies have found that the latency of the P300 provides an index of the timing of perceptual discrimination and decision processes, whereas its amplitude varies with the informational content of the eliciting stimulus and the confidence of the perceptual decision. Although the P300 peak latencies did not differ between groups in the present study, the larger amplitudes produced by the VGPs in the peak latency range suggests that the VGPs can make perceptual decisions more accurately and confidently under high load conditions. Furthermore, the finding that targets in the unattended alphanumeric sequence did not elicit appreciable P300 components (nor behavioral false alarm responses) in either VGPs or NVGPs provides additional evidence that attention was selectively focused on the attended stimulus sequence in both groups. Using a very different paradigm, Green et al. (2010) have also recently concluded that VGPs exhibit higher perceptual sensitivity, which allows them to make more informed decisions. A training study established the causal effect of action game playing on this change in sensitivity, ruling out subject selection biases as an explanation for improved performance. The present study provides converging evidence that VGPs are superior at making sensory discriminations that facilitate perceptual decision making.
In summary, the present study examined the neural basis of the performance superiority of VGPs relative to NVGPs in an attention-demanding task that required detection of targets presented in rapid sequences. Our electrophysiological recordings pointed to two mechanisms that may underlie this superiority. The first was an enhanced ability to suppress irrelevant distracting information, which presumably would reduce interference with the execution of the primary task. The second was superior ability to make accurate discriminations and perceptual decisions under high load conditions. When interpreted in the context of several previous behavioral studies that have convincingly demonstrated a causal link between action videogame training and attentional enhancements, the differences observed here between VGPs and NVGPs can most plausibly be attributed to videogame playing experience rather than to an initial predisposition and self-selection. The current findings that videogame playing is associated with modification of the neural circuitry for both sensory input control and perceptual decision making suggest the utility of such games as a training intervention to enhance attentional control and resistance to distraction (Achtman et al., 2008; Green and Bavelier, 2008) .
